The error analysis of the measurement of permittivity of crude oil with the use of interdigital capacitor sensor by Przywska, Sylwia & Muntini, Melania Suweni
JURNAL FISIKA DAN APLIKASINYA VOLUME 12, NOMOR 3 OKTOBER 2016
The error analysis of the measurement of permittivity of
crude oil with the use of interdigital capacitor sensor
Sylwia Przywska∗ and Melania Suweni Muntini†
Department of Physics, Faculty of Mathematics and Natural Science,
Institut Teknologi Sepuluh Nopember, Surabaya 61111
Abstract
Abstract-This paper presents the error analysis of the measurement of permittivity of crude oil with the use of
a sensor designed and fabricated in our laboratory. The sensor is a interdigital capacitor sensor fabricated with
the use of Printed Circuit Board (PCB) technology. This paper also presents the methodology of making the
measurement of permittivity of crude oil sample. The discussion of the data obtained during the experiment is
presented as well.
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I. INTRODUCTION
Crude oil is a naturally occurring petroleum in its unpro-
cessed form. The formation of emulsions during the extrac-
tion of crude oil is a serious problem and it is crucial to sepa-
rate crude oil from the water before further processing. Since
the research team from Malaysia [1] proved that microwave
heating can significantly enhance the demulsification rate of
crude oil the members of Crude Oil Research Team at Tech-
nological Institute Sepuluh Nopember Surabaya have been
working on heating crude oil by microwave energy. The re-
sults of their work were presented in a publication [2].
II. RESEARCHMETHODOLOGY
The interdigital capacitor sensor (IDC) presented in this
publication allows to establish the purity of crude oil by de-
termining its permittivity. The sensor is designed on a printed
circuit board (PCB) and it measures the capacity of fluid being
under the investigation.
As shown on Figure 1(a) the sensor consists of two elec-
trodes in the xy plane, each electrode consists of N fingers. In
order to obtain relative permittivity of the fluid being under
the investigation different potentials V1 and V2 are applied to
interdigitated electrodes of the sensor. The electric field lines
generated by the sensor penetrate into the material under test
and changes the impedance of the sensor. The sensor behaves
as a capacitor in which the capacitive reactance becomes a
function of system properties.
The relative permittivity k of a liquid being under the test
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(a) Design of our sensor.
(b) Cross section of IDC.
FIG. 1: Design of sensor.
is computed using the following formula [3]:
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where: Cuc = CTOTAL(N−1)L is the unit cell capacitance per
length, CTOTAL is the result of a measurement of capacitance,
N-number of unit cells the capacitor, L = 5 cm - length of the
electrode fingers [3], ◦ - dielectric constant in the free space,
r = 3.6 [4] - dielectric constant of the substrate (glass fiber re-
inforced (fiberglass) epoxy resin), k() - complete elliptic inte-
gral of the first kind computed using [5], t = (0.20± 0.05) mm
- elecrode’s thickness, a = (2 ± 0.5) mm - elecrode’s width, b
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FIG. 2: Obtained changes in relative permittivity for different
amount of salt and sugar dissolved in the water.
= (2.0 ± 0.2)cm - distance between electrodes.
The permittivity of crude oil is computed by multiplying
the relative permittivity k by the dielectric constant in the
free space ◦.
The capacitance measurements were performed using the
PM 6303 A RCL meter at the frequency of 1 kHz. The IDC is
directly connected to the instrument via test cable with Kelvin
clips. The measurement were performed for one fixed fre-
quency of 1 kHz at room temperature of 25◦ and humidity of
the air of 84%.
Modus operanti our work is as it follows: (a). The mea-
surement of capacitance for various liquids (like tap water,
acetone, salted and sugared water) were made, (b). The ca-
pacitances were changed into permittivity values, (c). The
calibration of a sensor was made (by comparision of obtained
permittivity values with the table ones), (d). The measure-
ment of capacitance for crude oil was made, (e). Analysis and
interpretation of obtained data.
III. RESULT AND ANALYSIS
The obtained data show the change in permittivity of the
fluids according to different amount of salt and sugar added to
the water. The trend is raising for the salt (the more salt added
to the water the bigger the permittivity is) and decreasing for
the sugar (the more sugar added to the water the smaller the
permittivity). Both trends are presented on a Figure 2.
The change of the concentration of material (like salt and
sugar) in the water causes the change in permittivity of mea-
sured materials. The polar nature of the water molecules tends
to align with local ion field so it raises the relative permittivity
of electrolyte materials when the salt is added, and decreases
it when a non-aqueous electrolyte is added like sugar.
The obtained data says that it is possible to distinguish
between materials based on the measurement of permittivity
with the use of the interdigital capacitor sensor designed and
fabricated by us.
After the calibration procedure the measurements of per-
mittivity of crude oil was made. The result is as it follows: 20
× 10−12 F/m with the total relative error of 8 percent. The
table values of permittivity of crude oils are between 19.7 ×
10−12 F/m and 21,5 × 10−12 F/m for the measurement per-
formed at 1 kHz frequency [? ] (depends on the sample). The
permittivity obtained in this experiment fits in this brackets.
The total error of the relative permittivity is computed using
the finite difference method:
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where: ∆CuC - is the total error of the unit cell capacitance per length obtained from the formula:
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where ∆CTOTAL is a place of least significant number from the capacitance measurement on a RCL meter (the resolution of
RCL meter), ∆t is the error of a thickness of a electrode ∆t = ± 0.05 mm, ∆a is the error of the width of a electrode ∆a = ±
0.5 mm,∆L is the error of the length of the electrodes fingers ∆L = ± 0,5 mm.
Which leads us to the formula for the total error of the relative permittivity used in this publication:
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In order to obtain the error of permittivity we need to mul-
tiply the obtained error of relative permittivity (Eq. 4) by the
value of vacuum permittivity ◦, according to the following
equation:
 = k◦ (5)
and thus the unit of a permittivity  is equal to the unit of
vacuum permittivity, which means Fm .
IV. CONCLUSION
Summaizing, the error of the permittivity parameter de-
pends on:
1. Accuracy of the measurement of thickness of a elec-
trode t, the width of a electrode a, length of the elec-
trodes fingers L.
2. The resolution of RCL meter during the measurement
of the capacitance CTOTAL.
It is also worth to mention that since the sensor is capable of
differentiate of various samples of crude oil and its cost of
production is relatively low it could be put into a good use in
the research of heating crude oil by microwave energy.
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